We have measured the absolute proper motions of four low-latitude, innerGalaxy globular clusters. These clusters are: NGC 6266 (M62), NGC 6304, NGC 6316 and NGC 6723. The proper motions are on the Hipparcos system, as no background extragalactic objects are found in these high-extinction regions. The proper-motion uncertainties range between 0.3 and 0.6 mas yr −1 .
populations of the inner Galaxy, one desires a tracer population that has, at the least, reliable measurements of distances, radial velocities, proper motions and metallicities, and, ideally, detailed chemical abundances and ages. Globular clusters fulfill these requirements well. Their only drawback is their small number, when compared to that of field stars.
There is still the question of whether the clusters are representative of the Galaxy's field stellar population. Many recent studies point to the fact that the globular-cluster population does resemble in many ways the old stellar field component. Based on radial velocities and metallicities it has been shown that globulars can be divided into thick disk and halo components (Zinn 1985 , Armandroff 1989 . Later, Minniti (1995) studied the density distribution of metal rich clusters in the bulge region (r GC ≤ 3 kpc) 1 , and he concluded that most of these clusters belong to the bulge system rather than the disk. More recent distance, radial-velocity, and metallicity measurements of clusters in the bulge region together with more detailed analyses (Barbuy, Bica, & Ortolani 1998 , Côté 1999 , Heitsch & Richtler 1999 hereafter HR99, Burkert & Smith 1997; hereafter BS97) suggest that some clusters may form a bar system that resembles the Milky Way bar (see Gerhard 2002 for a review of observations and characteristics of the Galactic bar).
Regarding clusters outside the bulge region but within the solar circle, Zinn (1996) shows that intermediate metal-poor clusters (−1.8 < [Fe/H] < −0.8) have significant rotation (V rot ∼ 60 km s −1 ) which is however, lower than that of the thick disk. This analysis included radial-velocity data alone and the typical Frenk & White (1980) solution, that can determine a mean rotation of a pre-selected group of clusters.
Adding tangential velocities as a piece of crucial information, Cudworth & Hanson (1993) and later, Paper III) have unambiguously
shown that there is a metal-weak thick disk component in the cluster population, much like that seen in the local field stellar population (see Beers et al. 2002 for the most recent study). And, the inner-halo rotation detected by Zinn (1996) , was also found in the studies that included tangential velocities (Paper III). This rotation is qualitatively consistent with the flattened shape of the inner halo as determined from field stars (e.g., Hartwick 1987 , Chiba & Beers 2001 , Siegel et al. 2002 . To summarize, the globular-cluster system of our Galaxy appears to resemble the old stellar field component.
We set out to measure tangential velocities (i. e., absolute proper motions) for a sample of fifteen clusters (Dinescu, Girard, & van Altena 2002) primarily located within the solar circle, in order to more accurately assign clusters to the components of the inner Galaxy, and to better understand these components as regions where old and massive stellar systems were produced/captured.
In this paper we present the first results for four globular clusters located in the bulge region: NGC 6266 (M 62), NGC 6304, NGC 6316, and NGC 6723. We discuss the kinematics of our four globular clusters and of three additional clusters (NGC 6522, NGC 6528, and NGC 6553) located in the bulge region that have previous proper-motion measurements, in light of the Galactic components seen in the bulge region.
The proper-motion measurements are described in Section 2, the velocity results are presented in Section 3, and discussed in Section 4, and a brief summary is presented in Section 5.
Measurements
This project is part of the continuation of the Southern Proper Motion Program (SPM, Platais et al. 1998) , and a low-latitude supplement to the previous set of fifteen high-latitude globular clusters measured by our group (Dinescu et al. 1997, 1999, Paper I and II respectively) . SPM plates are taken with the 50-cm double astrograph at Cesco
Observatory in El Leoncito, Argentina (plate scale = 55.1 ′′ /mm). The first-epoch survey,
covering the sky south of declination −17
• , was completed in the early 1970's. The second-epoch survey was made in the 1990's, but after completing roughly one third of the intended coverage, Kodak discontinued production of the necessary 103a emulsion plates.
The remainder of the second-epoch survey will be obtained with a 4Kx4K CCD camera which has recently been installed on the astrograph.
The four clusters presented here lie within SPM fields which have both first and second epoch photographic plates. The results in this paper are based on these plates, and on the UCAC1 catalog (Zacharias et al. 2000, hereafter Z00) . Usually, there are 2 plate pairs (blue: 103aO, and visual: 103aG + OG515 filter) per SPM field, which cover an area of 6.
• 3x6.
• 3. Each SPM plate contains two exposures: a two-hour exposure, which reaches to about V = 18, and an offset two-minute exposure, which allows a tie-in to bright reference stars. During both exposures, an objective grating is used, which produces a series of diffraction images on either side of the central zero-order image.
The program clusters were selected based on the limitations imposed by the SPM survey. Thus, they are located in the southern sky, and within distances of 11 kpc from the Sun. A few additional clusters at larger distances are in our program list because they happen to be on the same SPM field with one or two more nearby clusters.
Since detailed descriptions of the measurement process and reduction procedures are given in Papers I and II, we will only outline here the most important aspects.
The photographic plates are scanned with the Yale PDS microdensitometer, in an object-by-object mode, at a pixel size of 12.7 microns. We prepare an input catalog that contains all Hipparcos and Tycho (ESA 1997) stars, ∼ 3000 faint field stars selected from the USNO-A2.0 catalog (Monet et al. 1998) in the magnitude range 15 to 17, ∼ 150 stars from the GSC 1.1 catalog (Lasker et al. 1990 ) with magnitudes fainter than those of the Tycho stars (V = 11 − 14), and cluster stars. Hipparcos stars provide the correction to absolute proper motion, while Tycho and GSC stars assure a good range in the magnitude of various diffraction orders in order to model magnitude-dependent systematics. For all of these relatively bright stars, we measure long and short-exposure images, and diffraction images.
The faint stars from the USNO-A2.0 catalog allow a well-determined plate model (see Paper I), and for these stars we measure only the long-exposure, central order image. The list of cluster stars is determined using the software package Sextractor (Bertin & Arnouts 1996 ) from a preliminary scan in the cluster region of the best quality plate. Cluster stars are selected in a region of radius 2-3 times the half-mass radius as taken from Harris (1996;  hereafter H96). Typically, this radius is 3-4 arcmin, with the very central 1-2 arcmin totally unusable because of crowding. For the cluster stars we also measure only the long-exposure, central order image.
The dominant systematic effect in these proper-motion measurements is a magnitudedependent shift in the image position owed to the nonlinear response of the photographic emulsions and asymmetric image profiles caused by guiding errors during long exposures, imperfections in the optical system, polar misalignment of the telescope, etc. We call this bias "magnitude equation", and we caution that it is present in virtually all photographic plate material. For our plate material for instance, over a range of 6 magnitudes (typical globular cluster stars have V ≥ 15, and Hipparcos stars have V ∼ 9), magnitude equation can produce deviations of 10-15 mas yr −1 (Girard et al. 1998) . Note that, at a distance of 6 kpc, 1 mas yr −1 corresponds to 28 km s −1 . We use the diffraction images in order to correct for magnitude equation according to the prescription described in Girard et al. (1998) .
In The magnitude equation correction is of significant size, and therefore, at the bright end, there is a non-negligible uncertainty in it. Thus, in the correction to absolute proper motion, we will use only Hipparcos stars fainter than V = 8, to avoid residual magnitude equation in our proper motions. Also, the blue plates used in this study have a poorer determination of the magnitude equation than that of the visual plates, because the "blue" images are less sharp than the "visual" ones. This is due to the fact that the blue plates are taken with no filter, and atmospheric seeing is generally poorer in the blue than in the visual passband. On some fields, in the blue passband only, we had to use the second-order diffraction images, because the first-order images were blended with the central order.
We also obtain photographic photometry by calibrating the instrumental magnitudes with Tycho magnitudes, and with already published CCD and/or photoelectric photometry in the cluster region. This latter photometry ensures a good calibration at the faint end. Our photographic magnitudes have uncertainties of 0.15-0.25 mags. There were two overlapping SPM fields for clusters NGC 6266, NGC 6304, and NGC 6316. For these two fields, we have used CCD photometry from Brocato et al. (1996) Alvarado et al. (1994) and CCD photometry from Rosenberg et al. (2000) . ucac represents the corresponding SPM area selected from the UCAC1 catalog.
Results

Proper Motions
From a full plate solution that uses a large number of reference stars (∼ 3000), with a denser ring of stars around the cluster (Paper I and II), we obtain relative proper motions for all of the stars/images. The difference between the Hipparcos absolute proper motions and the relative proper motions obtained in our solution, represents the correction to absolute proper motion to be applied to the relative proper motion of the cluster stars. We calculate this proper-motion difference for each SPM grating-image order of the Hipparcos stars. We plot these differences as a function of color, magnitude and position on the plate, to inspect for residual systematics. For each image order, we calculate the average and the scatter of these differences using probability plots (see Paper I and II). The final correction to absolute proper motion is a weighted mean of the correction given by each image order. The weights are given by the internal scatter within each image order (see also Paper II for cluster M4). In some cases we simply discard image orders that we know are erroneous (poor image quality, uncertain magnitude-equation correction). The number of Hipparcos stars in each image order ranges between 30 and 90. In Figure 1 we show, as an example, the correction to absolute proper motion for plate-pair solutions 506Y1Y2 and 506y1-ucac (left and right panel respectively; µ * α = µ α cos δ). Each point represents the average of a given image order and is labeled as follows: 0 -long-exposure central order, 1 -long-exposure first order, 2 -long-exposure second order, 6 -short-exposure central order, 7 -short-exposure first order, and 8 -short-exposure second-order (The image order 8 is not shown here because it is a very poor measurement). The error bars are uncertainties in the averages as given by the internal error estimate of each image order. The weighted mean of all image orders are also shown in the figure, with the dark symbols. Overall, the 506Y1-ucac measurement appears to be better than the 506Y1Y2 from the scatter and the formal errors in each image order. However, the 506Y1-ucac measurements are not independent (as the SPM ones are), because for each image order on the first-epoch SPM plate there is a corresponding image-order measurement on the second epoch, but only one UCAC1 position.
The uncertainty in the mean cluster motion is dominated by the image centering error from the PDS scans and a relatively small number of cluster stars. We plot the centering error as a function of magnitude, and select those stars that follow a known sequence as determined from stars in the uncrowded region of the plate; a centering-error upper limit of 2 microns is also adopted. Stars with proper-motion sizes larger than 40 mas yr −1 are excluded. The average relative cluster proper motion is a centering-error weighted mean.
We have also used probability plots to estimate this quantity, and we found that it is similar to the weighted mean within the uncertainties. The field star contamination does not affect our mean cluster proper motion for the following reasons: 1) the cluster area is a very small region, where 10 -15 % of the stars measured in the cluster area may belong to the field (this estimate is based on the stellar density in the ring of reference stars that surrounds the cluster, see also Paper I), and 2) the field proper-motion dispersion is large (∼ 10 mas yr −1 ) in the magnitude range V = 14 − 18 of the reference stars; thus, the potential of systematically affecting our estimate of the mean cluster motion is negligible. In Figure 2 we show relative proper motions in the region of NGC 6304 as a function of magnitude, for proper-motion uncertainty is that given by the relative cluster motion. In Table 2 we summarize our absolute proper motions for each cluster and plate solution; we also specify the number of cluster stars used in each solution. In Figure 3 we plot the results from Table   2 , on a single scale for comparison purposes.
We note that some data points in Fig. 3 are not strictly independent, because of the use of the same plate in two plate-pair solutions (Table 1) . This has been taken into account when we estimate the final absolute proper motion and associated uncertainty. We do so by determining relative mean positions of each cluster from the absolute proper-motion measures (see Table 2 ) at the three different epochs, as follows. We adopt an arbitrary For NGC 6266, there are five independent position data points (see Table 1 ). We obtain µ * α = −3.50 ± 0.37 and µ δ = −0.82 ± 0.37 mas yr −1 for NGC 6266. For NGC 6304, using seven independent mean cluster positions (Table 1) , we obtain: µ * α = −2.59 ± 0.29 and µ δ = −1.56 ± 0.29 mas yr −1 . NGC 6316, being the most distant cluster among our four clusters, has only two reliable (proper-motion uncertainties smaller than 1.5 mas yr −1 ) measurements provided by the visual plate pairs (Table 1 , 2). These two measurements are independent, and our final proper motion is a weighted mean of the two values from Table   2 . We obtain µ * α = −2.42 ± 0.63 and µ δ = −1.71 ± 0.56 mas yr −1 for NGC 6316. For NGC Fig. 3 .
Velocities
In addition to our four clusters, we have selected three clusters located in the bulge region that have previous proper-motion measurements. For these, the correction to an inertial reference frame is based upon the assumption that the reference stars are bulge stars, all located at the same (known) distance, and their velocity with respect to the Galactic rest frame is, on the mean, zero. These clusters are NGC 6522 (Terndrup et al. 1998 ), NGC 6528 (Feltzing & Johnson 2002) , and NGC 6553 (Zoccali et al. 2001) . The latter two studies are based on HST data. The Terndrup et al. (1998) study has a detailed description of the assumptions and biases of this method. An important assumption is that of only a small deviation from the Galactic Center (GC) in latitude and, most importantly, in longitude (see Discussion Section for NGC 6553). Here, we will rederive their space velocities according to the published proper motions.
In Table 3 In what follows we will use V ′ = V + V LSR , and velocity components in a cylindrical coordinate system of Π (positive outward from GC) and Θ (positive toward Galactic rotation). For clusters located at small GC distances (i.e., R GC ), the cylindrical coordinate system is no longer appropriate, and Π and Θ components can be misleading.
In these cases, the Cartesian system in the Galactic rest frame (U, V ′ , W ) is more suitable.
We will come back to this issue when we discuss the kinematics of each cluster. Table 4 lists the (X, Y, Z) coordinates, the velocity components, and the rotation velocity expected from a solid body that has an angular velocity equal to the pattern speed of the Milky Way bar at the location of the cluster (Ω b = 60 km s −1 kpc −1 , see the following Section).
Discussion
All of the clusters under discussion reside within ∼ 3 kpc of the GC (Tab. 4). This is a very complex region dominated by a bar/bulge where a traditional kinematical distinction between the disk and the bar/bulge may not be as meaningful as in more distant regions from the GC, where disk and halo populations for instance are easily separated. Dynamical criteria allow the existence of a kinematical disk only outside the corotation radius (see e. g., Pfenniger & Friedli 1991) . N-body simulations show that bars form easily as a gravitational instability in a cold disk, and, in order to survive, they have to rotate (Pfenniger 1999) .
Bars then, can be regarded as "thickened" elliptical disks. They preserve the "memory" of the original rotating axisymmetric disk, and therefore one may be able to kinematically distinguish between the bar/bulge and a pressure-supported system such as the halo.
Presumably, a halo particle will remain a halo particle, while a disk particle will become a bar/bulge particle inside the corotation radius. In N-body simulations, there is evidence of some resonant halo stars trapped in the bar, in particular at corotation (Athanassoula 2002) ; however, for our study that considers very small numbers, we believe that it is unlikely to find a halo globular cluster on a resonant orbit with the Galactic bar.
A separation between bar and bulge is more ambiguous given the variety of processes that may contribute to bulge formation such as bar growth, bar dissolution, accretion and/or merging with satellites.
In our Galaxy, evidence for a bar comes from observations of motions of atomic and molecular gas, from near-infrared photometry (NIR), IRAS sources and clump stars counts, and stellar kinematics (see e.g., Gerhard 1996 for a review). The characteristics of the Milky Way bar are summarized in Gerhard (2002) . The bar has a semimajor axis a = 3.1 − 3. and references therein). Given the large mass of the bar, and its upper age limit, it is quite conceivable that low-mass, metal-rich clusters formed within the bar. Dating the clusters suggested by BS97 as belonging to a bar-like configuration could be very instructive.
In light of the above, we proceed to discuss the results for the seven clusters under study, without attempting a detailed orbit integration that we defer to a future paper.
In Table 5 we list the cluster metallicity [Fe/H], integrated absolute magnitude M V (H96), total velocity, escape velocity from the bulge, and orbit inclination. The orbit inclination is Ψ = 90
, where L z is the angular momentum perpendicular to the Galactic disk, and L is the total angular momentum, at the present time. In contrast to Paper III, this is not an orbit-averaged quantity, but an instantaneous one. The bulge potential is the Hernquist spheroid described in Johnston, Spergel & Hernquist (1995; JSH95) . This potential is a simple description of the inner Galaxy, and it is used only to estimate the escape velocity and not to derive orbits. As total velocities are smaller than escape velocities, all of the clusters are confined to the bulge region.
In Figure 4 we show the locations and motions of the clusters in the Galactic plane ( resides at R GC ∼ 5 kpc, and it has typical thick-disk kinematics (see Table 1 in BS97).
According to BS97, by mass and metallicity, NGC 6316 is a bulge cluster (Table   5 ). If we use the angular velocity of the bulge globular-cluster system defined in BS97 to predict the rotation velocity at NGC 6316's location, we obtain that NGC 6316's retrograde velocity is at 2. (Fig. 4) indicate that the cluster will spend its time near the Galactic plane, while the large U-velocity component, indicates a radial orbit. We note that NGC 6528's distance has a wide range of values, even from more recent determinations (e.g.,
Feltzing & Johnson 2002 determine a distance of 7.2 kpc, while HR99 give a distance of 9.3-10.7 kpc from isochrone fitting, and from the horizontal-branch metallicity relation, respectively). Even if, according to distance errors, NGC 6528 is displaced from the far side of the bulge to the near side, the U-velocity component will remain practically the same (while the Π component changes sign, but Θ does not, see Fig. 4 ). This will leave the character of the orbit unchanged.
These kinematical arguments together with the fact that NGC 6528 is, arguably, the most metal rich Galactic globular cluster (Feltzing & Johnson 2002) , make a strong case for a globular formed within the bar.
We note that, the two clusters that are located outside the bar limits, NGC 6316 and 6723 (Fig. 4) , also have kinematics inconsistent with that of the bar. Among the clusters located within the bar limits, only NGC 6522 -a metal poor cluster -seems to have kinematics inconsistent with that of the bar.
Summary
We have measured absolute proper motions on the Hipparcos system for four globular clusters located in the bulge region. In addition to these, we include in our discussion three clusters located in the bulge region that had previous proper-motion measurements with respect to bulge stars. We caution that velocities determined from these latter proper motions can be regarded as with respect to an inertial frame, only under strict assumptions for the location of the cluster.
Without a detailed orbital analysis that we defer for a future paper, we discuss the kinematics of these clusters in relation with their metallicities and masses. All of the clusters have velocities smaller than the escape velocity from the bulge, indicating that they have orbits that never leave the bulge region. From the three metal-poor clusters in our sample, two of them, namely NGC 6552, and NGC 6723 have kinematics consistent with halo membership. The third, NGC 6266, seems to belong to a rotationally supported system (reminding one of the thick disk, but not necessarily thick disk at these GC distances) rather than to a pressure supported one. Of the four metal rich clusters, two clusters NGC 6304, and NGC 6553 have kinematics resembling a rotationally supported system, much like NGC 6266. NGC 6528's velocity indicates a radial orbit, confined to the Galactic plane. It's rotation velocity is consistent with the velocity predicted from the rotation of a solid body that has the angular pattern speed of the Milky Way bar. As a low-mass, and arguably the most metal-rich Milky Way cluster, NGC 6528 may be a genuine bar cluster.
The fourth metal rich cluster, NGC 6316 has kinematics consistent with membership to a hotter system than the bar.
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